8
Introduction
Coronary artery bypass grafting (CABG) is standard treatment of stable ischemic heart disease in the general population. Long-term results of the SYNTAX trial show that CABG remains the best option for patients with more complex coronary atherosclerosis [1] . However, the long-term result of CABG is determined by numerous factors, such as: factors related to the surgical procedure (i.e. completeness of revascularization, type of grafts used, atherosclerosis complexity), risk factors of atherosclerosis progression (i.e. diabetes, dyslipidemia, arterial hypertension, age, genetic factors) and secondary pharmacological and non-pharmacological prevention [2] . The positive impact on short-and long-term prognosis of antiplatelet treatment with aspirin is scientifically proven after CABG and remains a class I recommendation [3] . Other antiplatelet drugs (i.e. clopidogrel, ticagrelor, prasugrel) in combination with aspirin are under numerous studies conducted in patients after percutaneous coronary intervention (PCI) and those treated medically. The results of those trials show improvement in early and long-term results, but not enough data are available in terms of the CABG population [4] . Effectiveness of dual antiplatelet therapy (aspirin and clopidogrel) may be a result of more effective platelet inhibition in comparison to aspirin in patients with persistent platelet activation on aspirin monotherapy. Some studies have reported higher risk of major cardiovascular adverse events in patients with persistent platelet activation also in the early period after CABG [5] . Persistent platelet activation on aspirin therapy should not be recognized as aspirin resistance. Hovens et al. revealed that diagnosis of aspirin resistance strongly depends on the diagnostic technology used since few of them are available in clinical practice [6] . This is why it is proposed to use the term laboratory-defined aspirin resistance (LAR). Moreover, the working group of the Cardiovascular Intervention Association of the Polish Society of Cardiology recommends similar terms, i.e. partially effective antiplatelet treatment or increased platelet reactivity despite aspirin treatment instead of using the term aspirin resistance [7] .
Aim of the study
The aim of the study was to compare effectiveness of aspirin monotherapy and clopidogrel monotherapy in prevention of adverse cardiac and vascular events in midterm follow-up after an elective CABG procedure.
Material and methods

Study protocol
The study was designed with a prospective randomized protocol. Preoperatively patients were randomized to postoperative antiplatelet monotherapy with aspirin (150 mg per day) or 6 months long clopidogrel monotherapy (75 mg per day) with subsequent turn to aspirin (150 mg per day). After randomization in all patients double check of platelet inhibition with aspirin was assessed with the Platelet Function Analyzer (PFA-100). In all cases there were cartridge tests used with membranes coated with collagen and epinephrine as an agonist. Laboratory methodology was described by Golański et al. In all measurements 3.2% buffered sodium citrate was used as an anticoagulant (Vacutainer, BD-Plymouth) [8] . Increased platelet reactivity despite aspirin treatment was diagnosed according to the manufacturer's guidelines if capillary closure time (CT) was less than 163 seconds. It should be mentioned that to date there is no strict cut-off CT value widely accepted for LAR diagnosis. Golański et al. adopted a CT value less than 160 seconds [8] . In another study conducted by Żytkiewicz et al. a cut-off CT value less than 165 seconds was accepted for LAR diagnosis [9] . The International Society on Thrombosis and Haemostasis recommends standardization to be performed by each local laboratory [10] .
After randomization and platelet inhibition with aspirin assessment the whole study population was divided into 4 subgroups: patients with inhibited platelet function randomized to the aspirin arm, the group with increased platelet reactivity despite aspirin treatment randomized to the aspirin arm, patients with inhibited platelet function randomized to the clopidogrel arm, and the group with increased platelet reactivity despite aspirin treatment randomized to the clopidogrel arm.
Patients were included according to the following criteria: age 40-80 years, qualification to elective CABG, preoperative treatment with aspirin (75-150 mg per day), beta adrenolytic, angiotensin convertase inhibitor or sartan and statin, operative risk evaluated with the Euroscore logistic system between 0.1 and 6%. On purpose to preserve homogeneity of early and late risk of adverse events exclusion criteria were adopted as follows: history of hematologic disorders, malignancy, transfusion less than 4 months prior to procedure, thrombolytic or GP IIb/IIIa platelet receptor inhibitor treatment less than 4 weeks prior to procedure, vitamin K antagonist therapy, history of acute coronary syndrome or PCI less than 4 weeks prior to surgery, end-stage coronary atherosclerosis. Patients referred to CABG non-electively were excluded from the study due to increased risk of operative mortality according to Euroscore II risk stratification.
During in-hospital stay intraoperative and postoperative parameters were collected. After discharge in all patients after 1, 6 and 12 months follow-up data were collected in terms of safety and efficacy of provided therapy. Composite end-point was structured with two major secwym. Brak blokowania funkcji płytek krwi kwasem acetylosalicylowym jest związany ze zwiększeniem ryzyka wystąpienia zdarzeń negatywnych w ciągu roku po operacji. Słowa kluczowe: pomostowanie tętnic wieńcowych, leczenie przeciwpłytkowe.
Aspirin versus clopidogrel after surgical off-pump coronary revascularization -a prospective, randomized, head-to-head pilot trial tions: safety profile (number of large and small bleeding events, antiplatelet therapy cessation) and effectiveness profile (mortality, myocardial infarction, stroke or transient ischemic attack, acute coronary syndrome, need for coronary revascularization, hospitalization due to cardiovascular reasons). The study protocol was accepted by the local Bioethical Committee of the Military Institute of Medicine. The trial was funded by a Ministry of Science and Higher Education grant (no. NN403165437).
Study population characteristics
There were 50 patients at mean age of 62.5 ±6.9 years who underwent elective CABG in stable coronary ischemic disease included in the study during a 12-month period. In all cases an elective off-pump coronary artery bypass grafting procedure was performed. The study population consisted of a low and medium risk cohort. Study population characteristics are presented in Table I .
Results
In-hospital observation
Randomization was successful since there were no statistically significant difference found between groups in terms of operative risk and long-term prognostic risk factors (Tables II and III) . There were 30 patients randomized to the aspirin arm and 20 patients to the clopidogrel arm. Preoperative platelet inhibition measured with CT did not differ significantly between the aspirin group (mean CT 223 ±91 seconds) and clopidogrel group (mean CT 216 ±91 seconds; p = 0.7). There was no difference in increased platelet reactivity despite aspirin treatment occurrence rate between the aspirin arm (34%) and clopidogrel arm (36%). In all cases planned off-pump coronary revascularization was performed using internal thoracic artery and saphenous vein grafts. The average number of distal anastomoses performed in the aspirin group was 2.4 ±0.9 and was not significantly different to that in the clopidogrel arm (2.6 ±1; p = 0.4).
In the postoperative period no adverse events were recorded. Average mechanical ventilation time was 7.2 ±6 hours in the aspirin arm and 7 ±5 hours in the clopidogrel arm (p = 0.9). Mean in-hospital stay did not differ significantly between groups: 8.5 ±0.4 days in the aspirin group and 8.1 ±1 days in the clopidogrel arm (p = 0.1). There were no significant differences between patients with inhibited and persistent platelet function in postoperative chest drainage and transfusion rate (Table IV) .
Composite end-point analysis
There were in total 26 adverse events noted at the following observation points: after 1, 6 and 12 months from There were 7 incidents of hospitalization, 6 incidents of heart failure progression and 1 transient cerebral ischemic attack collected in follow-up. Four patients required medical intervention due to gastro-intestinal bleeding (major bleeding). Minor bleeding events (oral cavity, nasal cavity, gingiva) occurred six times. In order to compare the safety profile and effectiveness of antiplatelet therapy accumulation of adverse events risk from 3 observation time points was performed. Six months clopidogrel therapy independently from preoperative platelet reactivity resulted in significantly lower risk of any adverse event (14%; including safety profile) in comparison to aspirin therapy (25%; p < 0.05). In patients with preoperative increased platelet reactivity despite aspirin treatment significantly more adverse events were recorded (19 events; risk level -0.35) in comparison to the population with fully inhibited platelet function (7 events; risk level -0.07; p < 0.05). In patients with increased platelet reactivity despite aspirin treatment and randomized to the aspirin arm the highest risk of adverse event was recorded (11 events; risk level -0.36). However, in the group with increased platelet reactivity despite aspirin treatment and randomized to clopidogrel there were 8 adverse events collected (risk level -0.33). In patients with preoperatively inhibited platelet function and randomized to aspirin therapy there were 6 adverse events recorded with a low risk level -0.1. Moreover, in patients with inhibited platelet function and randomized to clopidogrel therapy the lowest risk of any adverse event was calculated -0.02 (1 event collected).
Discussion
Aspirin therapy in secondary prevention in patients after the CABG procedure is a class I recommendation of American scientific societies (American College of Cardiology, American Heart Association with cooperation of the American Association for Thoracic Surgery and Society of Thoracic Surgeons) published in 2004 [3] . The latest guidelines published in 2010 by the European Society of Cardiology and the European Association for Cardiothoracic Surgery do not recommend alternative antiplatelet therapy in that population of patients [11] . There are not enough data supporting the need for secondary prevention after CABG other than aspirin, which is opposite to widely studied strategies after PCI. Clopidogrel addition to aspirin after PCI is a class I recommendation with evidence A level. It is reasonable to recapitulate scientific data in order to optimize secondary antiplatelet therapy in patients after surgical coronary revascularization. In 2006 there were two prospective trials published supporting the thesis of safety of early dual antiplatelet therapy (aspirin and clopidogrel) after off-pump CABG. Moreover, those studies revealed some benefit of such a strategy in reduction of cardiac and vascular adverse events risk in a period of 30 days and 2 years [12, 13] . Early administration of clopidogrel seems to play a key role as over-reactivity of platelets due to surgical trauma which occurs shortly after surgery and its suppression with a high dose of aspirin (300 mg 48 hours after chest closure) is not effective. Those results were published by authors elsewhere [14] . The hypercoagulation phenomenon is strongly expressed in patients who were operated with off-pump technique [15] . In 2010 two important randomized studies were published which proved the benefits of dual antiplatelet therapy after CABG in reduction of early (30 days and 3 months long observation) risk of venous and arterial bypass graft thrombosis [16, 17] . However, such a positive effect was not proved in the CASCADE trial [18] .
The studies mentioned above focused on comparison of dual antiplatelet therapy (aspirin and clopidogrel) versus monotherapy with aspirin, which does not determine whether the benefit is reached by aspirin resistance breakdown with clopidogrel or an additive antiplatelet effect of two agents. This thesis should be studied since it is known from the CURE trial that long-term (12 months) dual antiplatelet therapy increases the risk of major bleeding. This was the reason for the six-month long clopidogrel therapy protocol in our study. It is also fundamental that ESC/EACTS guidelines on coronary revascularization published in 2010 do not strictly recommend use of any certain technology of platelet function monitoring in secondary prevention [5] . The present study obtained results similar to other trials showing potential benefit of clopidogrel use directly after surgical coronary revascularization. However, our study did not confirm usefulness of the PFA-100 analyzer in prediction of postoperative blood loss in patients electively referred for CABG and receiving aspirin. Six-month long monotherapy with clopidogrel was safe and irrespectively of preoperatively increased platelet reactivity despite aspirin treatment existence did not increase risk of minor or major bleeding. Moreover, use of clopidogrel seemed to significantly reduce risk composite end-point in a 12-month observational period. However, preoperative diagnosis of increased platelet reactivity despite aspirin treatment constituted a risk factor of any adverse event in both the aspirin and the clopidogrel arm.
In view of the obtained results it seems reasonable to accept the phenomenon of increased platelet reactivity despite aspirin treatment as an undesirable marker of a coagulative state which correlates with less favorable prognosis. However, that risk may be suppressed by the use of antiplatelet monotherapy other than aspirin.
The present study has limitations that should be mentioned. We included an initial pilot cohort of 50 patients to firstly evaluate the value of the protocol in the safety part. The first results of clopidogrel effectiveness gave a rationale to continue the trial. Moreover, assessment of increased platelet reactivity despite aspirin treatment with solely use of PFA-100 is not satisfactory and all patients will undergo secondary evaluation with another system. At last we see the necessity of coronary artery bypass patency studies in the whole population to differentiate etiology of adverse cardiac events.
Conclusions
Data gathered in this pilot study support the thesis that aspirin monotherapy substitution with clopidogrel monotherapy for six months after elective off-pump CABG is safe and may reduce the risk of any cardiac and vascular adverse events. The phenomenon of increased platelet reactivity despite aspirin treatment may be recognized as a marker of an undesirable hypercoagulative state worsening prognosis regardless of antiplatelet therapy.
